INTRODUCTION
A series of permanent plots were established in the major forest types near Khanty-Mansiysk town to initiate long-term monitoring of communities of larger fungi (= macromycetes, macrofungi). The major goal was to study the structure of fungal communities in relation to forest types and their anthropogenic transformation in suburban areas. With logging being the main anthropogenic factor, the plots were associated with different stages of after-cut succession.
Plot-based studies of this type have a variety of applications. They provide a sufficiently detailed study of the fungal species composition. They can also aid the assessment of the industrial potential of commercially harvested species. The quantitative analysis of the community structure can reveal rare and vulnerable species and contribute to their conservation. Plot-based studies are particularly important in conservation areas to study native communities as well as in suburban areas where sustainable use of natural resources under high anthropogenic pressure is important. The territory of the study meets the last two characteristics being located nearby the capital of the district and at the same time protected by the Nature Park «Samarovskiy Chugas». The plots are located in the proximity of the Shapsha field station of the Yugra State University (YSU) and thereby complement the complex studies of the local ecosystems performed by the field station.
No studies with similar goals and methods were performed in the vicinities of Khanty-Mansiysk before. We performed a similar plot-based survey at the Mukhrino field station of the YSU, where only fungal communities of ombrotrophic bogs were studied; the study revealed a relatively low diversity of about 60 species of macromycetes [Filippova, Thormann, 2014] . The first inventory of macrofungi in forests near Khanty-Mansiysk was carried out around the Mukhrino field station, resulting in a total 324 taxa [Filippova et al., 2015] . However, only random route method was used without quantitative analysis of the community structure. A series of studies of the communities of lignicolous macrofungi was done previously in the Nature Park «Samarovskiy Chugas» [Stavishenko, Zalesov, 2008; Stavishenko, 2008a; Stavishenko, 2008b] . These works focused primarily on Bracket and Crust fungi associated with the woody debris. Aside from vicinities of Khanty-Mansiysk itself, a few dozen studies dealing with the mycota of Khanty-Mansi autonomous okrug (middle and north taiga zones of West Siberia) were published in the last 30 years (the list of publications is provided in the electronic attachment). The total number of species compiled from these works reached approximately 1500 species (unpublished data).
The present publication begins the analysis of the data obtained during the plot-based survey in the vicinities of Khanty-Mansiysk in 2015. The quantitative analysis of the structure and other characteristics of the fungal communities will be done in a future publication. The goal of the present publications was to present the analysis of the species composition, including 1) taxonomical analysis of the list, 2) its comparison with earlier studies in the area.
METHODS
The study employed a plot monitoring method in combination with random routes in areas adjacent to the plots. Ten permanent monitoring plots were established in spring 2015 in the vicinities of the KhantyMansyisk town (around Shapsha village) distributed over an area of about 10 square kilometers ( fig. 1 ). We used high-resolution satellite images for preliminary vegetation mapping of the area, followed by a walking survey. The locations were chosen to assess major homogenous contours of different forest types of the area. Two plots were established in each forest type when the contour was extensive and uniform (plots 1-6). For smaller and relatively mosaic vegetation contours a single plot for each type was only applicable (plots 7-10). The description of vegetation and geo-reference position of the plots summarized in Table 1 and in the electronic attachment. Each plot consisted of 20 circular 5 m 2 micro-plots 5 m apart aligned in a 200 m long line. The observation area of a plot thus equals 100 m 2 and the total area of plot-observation during the survey was 1000 m 2 (this represents roughly 0.002 % of the whole forested area shown in the upper insert in the Figure 1) . Centers of each micro-plot were marked by plastic poles. A rope was used to draw the outlines of a plot during its examination. The advantages of use of circular dispersed micro-plots vs. rectangular of larger size were described by Lodge et al. [2004] .
The plots were visited from the end of May (soon after snow melt) until the middle of September (when fungal fruiting was suppressed by the first frosts). The distribution of the number of collections by months is shown in Table 2 . The time interval between subsequent visits of each plot ranged between 14-23 days, resulting in total of 6 visits per plot during the season. The total number of fruiting bodies of each species was counted on each micro-plot. Counted fruitbodies were removed in order to avoid repeated count in following visits. In cases where the species grew in high abundance or were densely clustered, part of the carpophores has been counted and extrapolation was made to estimate the approximate total number.
The microclimatic conditions of the plots were measured by temperature loggers and a rain-gauge. Thermochron (DS1921G-F5) loggers were mounted in handmade shelters and set in 5 plots of different vegetation types at 5 cm above soil level. A single automatic rain gauge (HOBO RG3-M) was installed in coniferous forest (Plot 4) to measure liquid precipitation.
In addition to plot observation, we used walking routes designed to find species not registered in plots (rare species or species with special requirements for environmental conditions). For this, we walked along a straight line (using GPS) and collected only new species ( fig. 1 ). No quantitative count was done at this stage. The length of the routes ranged between 500 m to 2 km depending on the abundance of fruiting. Plot observations alternated with routes, thus 6 walking routes in each locality were done during the season.
The collection and processing of specimens was done as described in Lodge et al. [2004] . Fresh fruiting bodies were wrapped in aluminium foil and carried to the laboratory to be processed on the day of collection. The processing of specimens included: 1) photographing on a photo-studio table, 2) description of vital characters, 3) preliminary microscopy and determination, 4) filling the data in the database, 5) labeling, and 6) drying at 50°C to store in the Fungarium of Yugra State University. By the end of the study, the collection amounted to roughly 1500 dried specimens. The collection database was imported to Specify 6 (offline) and Specify 7 (available at http://bio.ugrasu.ru/) software. The detailed identification was done during the winter following the collection season. Dry specimens were rehydrated in tap water or KOH (10 %); dyes and other chemicals (Congo Red, Melzer reagent, ammonia) were applied when necessary. A Zeiss Axiostar microscope with Achromat 5/0.12, 10/0.25, 40/0.65 (dry) and 100/1.25 (oil immersion) objectives was used for microscopical examination. Мicro-photographs were taken with an AxioCam ERc5s digital camera.
Most of the finds were identified using Funga Nordica keys [Knudsen, Vesterholt, 2008] and some additional monographs on particular taxa were used when necessary. One should make an assumption that the high diversity of the studied material invariably introduces a certain degree of error in identifications done by a single person. This certainly calls for further deeper revision of our material by taxonomists specializing in specific groups of macrofungi.
Fungal authorities are mentioned according to Index Fungorum (last access 15.05.2016) and Funga Nordica [Knudsen, Vesterholt, 2008] , and the classification of the fungal taxa at various taxonomic ranks follows [Kirk et al., 2008] .
The Larger fungi (=Macromycetes) defined as fungi with large spore-producing structures [Kirk et al., 2008, p. 396 ] and could be taken in different volume by different authors. Our study included following groups in the analysis: Discomycetes, Agaricoid, Boletoid, Aphyllophoroid fungi (we omitted brackets, ctusts and jellies but included clubs and coral fungi [Phillips, 2006] ) and some other groups in minority. When comparing the final list with other studies only Agaricoid macromycetes were included in this analysis to make the comparison justified and bring all three lists to a uniform classification.
RESULTS AND DISCUSSION
The final list of larger fungi in the vicinities of Shapsha (Khanty-Mansiysk) has encompassed 460 species from 6 classes, 14 orders, 55 families and 130 genera. The Agaricales is the richest order comprising 75% of the total species number, followed by Russulales (10%), Boletales (3%), Pezizales (3%), Polyporales (2%) and others in minority. The six richest families which include about 50% of the species diversity are: Cortinariaceae (15% of total species number), Tricholomataceae (10%), Mycenaceae (10%), Strophariaceae (10%), Russulaceae (9%), Inocybaceae (5%). The richest genera are: Cortinarius (69 species), Mycena (34), Russula (24), Lactarius (19), Inocybe (16), Clitocybe (15), Pluteus (15), Entoloma (14), Galerina (12), Pholiota (8), Gymnopus (7), Tricholoma (7), Amanita (6), Conocybe (6), Hebeloma (6), Hygrocybe (6), Psathyrella (6). Other genera are represented by 5 and less species. The complete list of identified species diversity and taxonomic structure are shown in the Table 4 and available in the electronic attachment (.xls database).
The ratio of families in the final list corresponds to the general characteristics of the forest mycobiota of Agaricoid fungi in the Holarctic [Marina, 2006] : the dominant families are the Cortinariaceae, Russulaceae, Tricholomataceae, Mycenaceae and Strophariacea, taking into account the recent changes in the families' volume (the lists were analyzed according to present classification in Index Fungorum, accessed 22.11.2016).
Species diversity in Shapsha was compared with an earlier study of fleshy fungi nearby (about 30 km SW from our locality) [Filippova et al., 2015] . There, the authors found a total of 324 species during several brief forays mainly in mixed deciduous and coniferous forests in the vicinities of the Mukhrino field station. Vegetation types of both locations are quite similar. Although the Mukhrino list was compiled based on a number of short inventories spanning over several years, the ultimate species richness was found to be higher in Shapsha (324 vs. 460 species). Considering the similar habitat and duration (70 collection days in Mukhrino vs. 80 days in Shapsha), this may point to the advantage of the plot method over random forays in inventorying fungal diversity, however, with certain reservations in respect to identification precision using the former method, where specimens are collected regardless of their quality. Besides the total species number, the two sites differ substantially in fungal species composition: about a half (179 species) are shared while 147 species are unique for Mukhrino and 284 species are unique for Shapsha. We assume these differences are explained by the difference in collection method and insufficient degree of study, rather than objective differences in the mycota of both locations. However, the proximity of human settlement and the presence of fresh cutting sites could cause a rise in the number of early succession species. Thus, the mycobiota of macromycetes in the vicinities of Khanty-Mansiysk is still under study and additional species are continually registered in new studies. The full list of macromycetes of Khanty-Mansiysk area based on these two publications and a list of macrofungi of bogs [Filippova, Thormann, 2014] has amounted to 636 species.
The compiled list of macromycetes of Khanty-Mansiysk vicinities was compared with two major studies of local mycotas in nearby regions (only Agaricoid macromycetes were included in this analysis): the Yuganskiy and Visimskiy nature reserves (Table 3) . We compiled the checklist for the Yuganskiy Nature Reserve from four papers published on the area [Zvyagina et al., 2007; Baykalova, Zvyagina, 2008; Zvyagina, 2012; Zvyagina, 2016 1 ], excluding works on Bracket and Crust fungi which were are not considered in present study. The reserve occupies over 600 thousand hectares of forests and wetland in the middle and south taiga zones of West Siberia and is overall similar to Khanty-Mansiysk (however, Scots Pine forests, which are a prominent feature of the Yuganskiy nature reserve, are absent around KhantyMansiysk). Visimskiy Nature Reserve is located on the West slope of the middle Ural mountains (at low altitudes) within the south taiga zone. Thus, the three locations are relatively similar in vegetation and climate characteristics and could have similar mycobiota. The number of species in the Visimskiy Nature Reserve and around Khanty-Mansiysk are more similar (542 vs. 636), while there are fewer recorded species in the Yuganskiy Nature Reserve (325).
The abundance of species in some leading genera is similar in the Visimskiy reserve and around Khanty-Mansiysk (Cortinarius, Russula, Lactarius, Mycena, Clitocybe, Pholiota, Amanita, Galerina, Hypholoma, Hebeloma) , while other genera differ substantially in species abundance. In the Yuganskiy reserve, three genera are notably richer compared to other locations (Suillus, to a lesser degree Leccinum and Hygrophorus), which in the case with the former two genera is likely the result of ongoing special studies focused on the Boletaceae [Zvyagina et al., 2009] . The Jaccard similarity coefficient calculated between three mycobiota equals 0.24 (Khanty-Mansiysk/Yuganskiy), 0.2 (Yuganskiy/Visimskiy) and 0.23 (KhantyMansiysk/ Visimskiy).
The study revealed a substantial number of species new for the total checklist of fungi of the KhantyMansi autonomous okrug. The checklist was compiled based on 35 publications on fungal inventories in the region (including the majority of studies accomplished up to date). The full checklist includes as many as 1535 taxa of fungi (not only macromycetes). Shapsha checklist adds 224 species new for the region (highlighted in the electronic attachment), while the rest of the species have been reported in one or more earlier inventories. For example, Hericium coralloides has been registered in eleven different sites and thus its occurrence map is relatively well drawn within the region. However, 90% of species in the compiled list have only 1 to 3 records indicating the initial stage of studies of the mycobiota and the geography of larger fungi in the region.
Inventories of species diversity help to discover rare and protected species and to establish programs for their conservation. From the final list of macrofungi recorded by the study, eight species are in the Red List of Khanty-Mansi autonomous okrug [Vasin, Vasina, 2013] (making up 21 % of all redlisted species). These species include Arrhenia discorosea (the 3rd category of protection), Baeospora myriadophylla (4), Clavariadelphus truncatus (3), Cortinarius violaceus (3), Gomphidius flavipes (3), Gomphus clavatus (3), Hericium cirrhatum (3), Hericium coralloides (in Attachment to the Red List), and Sarcosoma globosum (3). These species are recommended for inclusion in conservation programs of the Nature Park «Samarovskiy Chugas» and their populations deserve special attention in future studies.
In summary, the first year of plot-based & routes study revealed significant species diversity with 224 species new for the region, and the total number of species in Shapsha was greater compared to an earlier study nearby (Mukhrino). The total species list of larger fungi in Khanty-Mansiysk vicinities therefore includes 636 species. This list differs considerably with the lists of similar territories which points probably to insufficient study degree in each case. The permanent plots research in Shapsha will be continued and additional years of data will undoubtedly add new species to the list, as well as solve taxonomical complexities of some doubtful species. , aciculata, adonis, algeriensis, amicta, capillaripes, citrinomarginata, clavicularis, concolor, epipterygia, erubescens, fragillima, galopus, haematopus, hiemalis, laevigata, leptocephala, metata, mirata, niveipes, olida, olivaceomarginata, pelianthina, pseudopicta, pura, stipata, stylobates, subcana, tristis, viridimarginata, vitilis, vulgaris Rickenella (2) fibula, swartzii Roridomyces (1) roridus Xeromphalina (2) campanella, fraxinophila
Omphalotaceae (11) Gymnopus ( deterrimus, flexuosus, glyciosmus, helvus, leonis, mammosus, musteus, plumbeus, pubescens, repraesentaneus, rufus, torminosus, trivialis, utilis, uvidus, vietus Russula (24) acrifolia, aeruginea, aquosa, cf. amethystina, cf. atroglauca, cf. badia, cf. renidens, cf. rivulicola, cf. sapinea, claroflava, consobrina, decolorans, depallens, emetica, foetens, gracillima, grisescens, medullata, puellaris, rhodopus, sphagnophila, torulosa, versicolor 
